for the Cardiac Arrhythmia Pilot Study (CAPS) Investigators* In the Cardiac Arrhythmia Pilot Study (CAPS), patients early (6-60 days) after acute myocardial infarction (MI) with ventricular premature complexes (VPCs) of over 10 per hour were randomized to receive, unaware, therapy with one of four antiarrhythmic drugs (n =402) or placebo (n = 100). Treatment success was defined as 70% or more decrease in VPC rate and 90% or more decrease in VPC runs. If the first active drug was ineffective, a second drug was given. If placebo was ineffective, a second placebo was given. To determine whether or not baseline clinical characteristics predict the response to antiarrhythmic therapy, 10 baseline variables were selected for investigation: age, prior MI, time from CAPS MI to randomization, ejection fraction, baseline VPC frequency, presence of runs (.3 consecutive VPCs, .100 beats/min), a-blocker therapy, digitalis therapy, MI transmurality, and MI location. At the end of the first drug treatment, apparent treatment success in patients receiving placebo was associated on univariate analysis with absence of prior MI, with trends for younger age and Q wave MI, whereas in patients receiving active therapies, higher ejection fraction and younger age were associated with better suppression. In the encainide and flecainide treatments, where the greatest response was observed, absence of prior MI, higher ejection fraction, and younger age were associated with more successful treatment. In a multivariate analysis with these variables, ejection fraction and age remained significant for all active therapies, absence of prior MI and ejection fraction remained significant in the encainide and flecainide treatments, and absence of prior MI in the placebo treatment. Few variables except ejection fraction were associated with VPC suppression during the 1-year follow-up, and only lower ejection fraction and older age related to loss of long-term suppression. Thus, there are only a few independent baseline clinical variables (notably, ejection fraction) that substantially affect antiarrhythmic drug efficacy in suppressing VPCs in patients early after MI. Some variables, however, may be associated with spontaneous arrhythmia variability, leading to an apparent (placebo) response. These findings will be helpful in designing and interpreting treatment studies in patients after MI. (Circulation 1989;79:610- still substantial, response to placebo. All treatments showed a low initial proarrhythmic response.
characteristics that may influence the ability of antiarrhythmic agents to suppress arrhythmias would be useful in developing effective strategies for management of individual patients and for the design of clinical trials. Further, knowledge of the variables that may be associated with increased spontaneous arrhythmia variability and that might cause a falsepositive (or placebo) response would also be useful.
The Cardiac Arrhythmia Pilot Study (CAPS) was conducted to test the feasibility of suppressing arrhythmias effectively and safely in patients after MI. 12 The careful characterization of baseline clinical variables and arrhythmia response in CAPS allowed us to test prospective hypotheses regarding relations between baseline variables and arrhythmia suppression.
Methods
The Cardiac Arrhythmia Pilot Study CAPS tested the comparative efficacy of four antiarrhythmic regimens and placebo in patients after MI.12 A detailed summary of study design and primary results is presented elsewhere.12-14 Briefly, 502 patients from 10 centers were enrolled in CAPS. Patients who were early (6-60 days) after MI and who had 10 or more ventricular premature complexes (VPCs) per hour on a 24-hour ambulatory monitor recording and a left ventricular ejection fraction of 20% or greater were eligible. Patients with runs of 10 or more beats of ventricular tachycardia were excluded. Enrolled patients were randomly assigned to receive, unaware, one of five drug treatments: placebo, encainide, flecainide, imipramine, and moricizine. Treatment success was defined as at least a 70% decrease in VPC rate and 90% or more suppression of VPC runs of 3-9 beats at 100 beats/min or more.
The treatment approach included an initial dosefinding period in which up to three incremental doses of the assigned drug (1 dose/wk) were given until efficacy was achieved or until intolerable side effects occurred. Therapy during the first 2 days of the dose-finding period for each drug occurred during in-hospital monitoring. For Because of the substantial differences in observed VPC suppression and group size between the active therapy (n = 402) and placebo (n = 100) cohorts, analyses were performed separately for these two groups. Additional analyses were performed for the combined encainide and flecainide treatments (the most successful therapies).
Endpoints ofanalysis. Primary analysis was based on the outcome at the end of the dose-finding phase of drug 1 (up to three dose increments were allowed). Secondary analyses were based on outcomes after the first dose of the first drug, at the end of the dose-finding period in the placebo group, and during long-term therapy as measured by average VPC suppression at 3, 6, 9, and 12 months of follow-up. In a second approach, all 61 recorded baseline clinical and laboratory variables (Appendix 2) were screened to explore the possible importance to arrhythmia suppression of factors other than those selected by the investigators. In the first 251 patients, these variables were examined in a univariate manner for 1) active therapy, 2) placebo, and 3) encainide and flecainide treatment groups. Variables that yielded nominal significance (p<0.15) were included in a multivariate stepwise regression analysis that was run on the second 251 patients. In this way, the potential for chance associations was reduced.
Variables related to false suppression were also looked for in actively treated patients who were initially suppressed by regressing these variables, in a stepwise linear fashion, on the loss of suppression outcome during follow-up. For the purposes of this analysis, loss of suppression was defined as suppression on 3, 6, 9, and 12 months of follow-up Holter electrocardiographic recordings averaging less than half of that determined initially at the end of successful dose titration (i.e., < 50% if initial suppression was 100%, <35% if initial suppression was 70%, etc.).
Some baseline variables may also be important predictors of certain adverse events during antiarrhythmic therapy. Accordingly, the following analyses were performed with baseline variables as they related to other cardiac events. First, the number of events of proarrhythmia, ventricular tachyarrhythmia (whether or not proarrhythmic), recurrent MI, heart failure (grade II or III [14] ), and noncardiac side effects were determnined for several major periodgroup combinations (i.e., drug 1 dose-finding and 1-year follow-up intervals, for active and placebo therapies, and for encainide and flecainide treatments by both initial and total, including crossover assignment). Next, logistic regressions were performed of the specific adverse events on the 10 covariates for combination sets with enough events to be remotely meaningful (>5 events), likely meaningful (> 10 events), and most likely meaningful (> 15 events). Thep value and odds ratio results of analyses for sets with fewer than 15 events should be viewed with some skepticism because of the substantial change in model fitting that can occur in these instances by shifting as few as one event.
Results

Univariate Analysis of Variables Selected Prospectively
Relation ofbaseline variables to initial responses. Table 2 lists the results of the univariate analysis of baseline variables (n = 10) selected prospectively by the investigators. Arrhythmia suppression at the end of the dose-finding phase with the first drug was significantly related to some of the baseline variables in placebo and active drug groups. In the placebo group, only history of previous MI was a predictor, with trends for age and MI transmurality. In the combined experience with all active antiarrhythmic agents, only ejection fraction and age were significant predictors. When analysis was restricted to encainide and flecainide treatments, significant relations between arrhythmia suppression and history of prior MI, ejection fraction, and age were observed.
Age and response. Figure 1 shows antiarrhythmic efficacy at end of treatment with drug 1 as a function of age for active and placebo therapies. A small (but significant) decrease in responsiveness to active therapy was observed with increasing age, and a progressive decrease in responsiveness to placebo was observed with increasing age.
History ofmyocardial infarction and response. A history of prior MI (before the CAPS qualifying MI) was a significant baseline predictor of response to placebo (p<0.014) and to active therapy with encainide or flecainide (p<0.001). As is shown in Figure 2 , the chance of "responding" to placebo at the end of drug 1 treatment was reduced from 44% to 23% in the presence of a prior MI. Similarly, treatment efficacy with encainide or flecainide was reduced from 88% to 68%. When experience with all four active drugs was combined, however, the trend was no longer significant (p<0.20). The effects of prior MI on variability were independent of baseline frequency of VPCs, which were similarly distrib- Ejection fraction and response. Ejection fraction was an important determinant of response to active therapy at the end of dose-finding with drug 1 (pO.OO9). The decreasing response rate observed for therapy with encainide or flecainide (pO0.012) with decreasing ejection fractions is shown in Figure 3 . In these treatments, response was 68% for patients in the lowest decile bracket of ejection fraction and 90% in patients in the highest. In the placebo group, a lower response rate trend was observed only in those with ejection fractions less Table 3 were obtained. Ejection fraction and age were selected as multivariate predictors of response to the combined active treatments at the end of drug 1 dose-finding. History of previous MI, ejection fraction, and age were selected as predictors for encainide and flecainide, which were the most effective treatments. (The odds ratio of responding was 0.32 in patients who had unfavorable entries for all three of these variables). History of previous MI was the only multivariate predictor in the placebo group.
Relation of Selected Baseline Variables to Long-term (1-Year) Response Relations of baseline variables with long-term (1-year) response differed slightly from that for short-term response (Table 4 ). For the prospectively defined CAPS efficacy endpoint of 70% or more average VPC suppression, selected multivariate baseline predictors included ejection fraction and VPC runs for patients in all active treatment groups and, likewise, ejection fraction and VPC runs for patients receiving encainide and flecainide. No long-term predictors emerged in the placebo group.
Baseline variables predicting loss of initial suppression. Among actively treated patients with an initial successful response (.70% VPC suppression) during dose titration on active therapy, lower ejection fraction (p .0.007) and older age (p .0.025) were significant predictors of reduced VPC suppression during long-term follow-up, by a multivariate stepwise logistic regression of these 10 selected baseline variables on reduced suppression outcome ( Table 5) .
Relation of Baseline Variables to Adverse
Reactions
The relation of baseline variables to the development of proarrhythmic events, heart failure, and dose-or drug-altering side effects was also investigated. None of the variables predicted an altered risk of proarrhythmic events, during either the dose-finding or follow-up periods. In contrast, the occurrence of ventricular tachyarrhythmia not fulfilling the criteria for proarrhythmia occurred with increased frequency in patients with depressed ejection fraction treated with either active drugs or placebo, both during the dose-finding period (on drug 1) and during long-term follow-up (active therapy during dose-finding: odds ratio, 4 tor of mortality risk in other studies16-18 and in CAPS (unpublished observations from this study). This suggests that the ability to suppress VPCs may be largely independent of baseline clinical characteristics for patients qualifying to enter CAPS (i.e., those with left ventricular ejection fraction >20% and without severe heart failure). Another observation is that successive Holter monitoring does run a certain risk of showing an apparent drug "response" because of arrhythmia spontaneous variability or natural history (spontaneous improvement) as shown by responses in the placebo group.
Of the 10 univariate predictors selected by the investigators, only absence of previous MI related significantly to an apparent initial response to placebo therapy at the primary comparison endpoint (end of drug 1 dose-finding), with trends for younger age and Q wave MI. The strength of these relations was inconsistent upon secondary placebo analyses (Table 2 ) (i.e., not as strong on the first recording on placebo and again becoming weaker during longterm observations). Predictors of success for active antiarrhythmic therapy were limited to ejection fraction, prior MI, and age for encainide and flecainide, the most effective therapies, and to only ejection fraction and age for all active therapies. The association of prior MI and probably age with response in both placebo and active therapy groups indicates that these relations may primarily relate to greater arrhythmia variability or natural history (spontaneous change) early after MI rather than to true drug effect.
Although ejection fraction appears to emerge as one of the sole predictors of true response to active therapy, the difference in response between patients iri the lowest entry bracket of ejection fraction (20- 30%) and patients in the highest (> 60%) was rather modest (response difference, approximately 20%).
Thus, in patients with low ejection fractions (but >20%), a fair-to-good response to therapy can still be achieved. Ejection fraction was also the most consistent variable to emerge as a predictor of long-term response, with presence of VPC runs at baseline also suggested in some of the analyses. Finally, low ejection fraction and advanced age were associated with an increased risk of losing an initially successful VPC suppression response during long-term follow-up. Although the 10 baseline variables were carefully selected, other important predictors may have existed among the 61 recorded characteristics. Thus, an exploratory (screening) analysis of all 61 baseline variables was performed (data not presented). Other than ejection fraction, this screening analysis did not reveal important and consistent predictors of initial (or long-term) response. Ejection fraction again emerged as a predictor of initial response to all active therapies, and ejection fraction and the related function variable, New York Heart functional class, predicted response to encainide and flecainide. An apparent relation of bypass surgery to long-term (but not initial) response in this screening analysis is viewed with caution, given the lack of other supporting observations and the multiplicity of tests. Height of the creatine kinase peak, a measure of infarct size, positively correlated with initial response to placebo, but no factors predicted long-term response.
Summary of Predictors ofAdverse Events
Successful antiarrhythmic therapy depends not only on successful arrhythmia suppression but also on avoiding treatment-related adverse effects. Increasing age, but no other variables, predicted a higher incidence of noncardiac side effects; this variable lost significance, however, when analysis was restricted to only treatment with encainide or flecainide, which are both well-tolerated agents. Proarrhythmia did not relate to any baseline factor although spontaneously appearing ventricular tachyarrhythmia was more frequent in those with depressed ejection fraction. Similarly, heart failure occurred with a greater incidence in those with a depressed ejection fraction, but this applied equally to those on active and placebo therapy, suggesting that natural history of disease rather than antiarrhythmic therapy was the cause of heart failure. In summary, few adverse effects specifically related to tFor A= 10-point decrease.
EF, ejection fraction; MI, myocardial infarction; VPC, ventricular premature complex. 
